To investigate the differential association of cigarette smoking with energy balance in African-American and white premenopausal women. DESIGN: Cross-sectional study of energy balance, weight, and smoking in women. SUBJECT: A total of 374 women: 191 African-American (mean age ¼ 29.876.5 y) and 183 white women (mean age ¼ 28.977.1 y). MEASUREMENTS: Weight, cigarette smoking habits, resting energy expenditure, dietary intake, and physical activity. RESULTS: There were no significant differences in dietary intake by race or smoking status. The model for physical activity was significant (P ¼ 0.0004), with body mass index (BMI) having the largest effect on activity (Po0.001). Smoking status was related to activity, with the heaviest smokers reporting more activity than nonsmokers (P ¼ 0.008) or light smokers (P ¼ 0.028). The model for resting energy expenditure (REE) was significant (Po0.0001), with the largest again being BMI (Po0.001). There was also an interaction between ethnicity and smoking status (Po0.0001) such that African-American nonsmokers and light smokers tended to have lower REE than several other groups, most often the African-American moderate heavy smokers. The model for BMI was significant (Po0.0001) with an interaction for ethnicity and smoking status (P ¼ 0.0009). African-American nonsmokers and light smokers had significantly higher BMIs than most of the other groups. CONCLUSION: African-American women who were the heaviest smokers had a lower adjusted BMI than the heaviest smoking white women. This effect, at least partially, may be related to an increased REE in the African-American smoking women. While energy intake did not appear to be important in this relationship, energy expended in physical activity appeared to be increased with smoking, as was REE.
Introduction
Energy intake (kilocalories ingested) must equal energy output (kilocalories expended via resting energy expenditure (REE) plus energy expenditure due to physical activity and thermic effect of food) in order for weight maintenance to occur. Cigarette smoking has long been thought to alter this equation, given that smokers often weigh less than nonsmokers; 1 but the results of a rather large body of literature examining the effect of smoking on components of the energy balance equation are equivocal. For example, an earlier cross-sectional analysis of NHANES II data 2 found that African-American women were heavier than the white women as a group, and that white women who smoked had lower body weights than white nonsmoking women while African-American women who smoked heavily were heavier than African-American nonsmoking women. This suggests that smoking cigarettes does not confer the same weight 'benefit' to African-American women that it does to white women. However, a recent longitudinal analysis of weight gain across 7 y in a biracial sample of young adults 3 found that continued smoking suppressed weight gain to a small degree in African American but not in white subjects, with no effect for gender. Although the 1998 study included a number of covariates, including age, energy and alcohol intake, and level of physical fitness, the analysis did not include energy expenditure. The objective of the current study is to investigate the relationship between ethnicity and smoking status and energy balance in African-American and white women, using the energy balance equation (energy intake, REE, and energy expenditure due to physical activity). Thermic effect of food was not considered as it has been shown to represent a very small portion of total energy expenditure.
Methods

Subjects
Subjects were premenopausal women participating in a study of the impact of smoking and ethnicity on body weight. Subjects were recruited via public service announcements on local radio and television stations, flyers posted in establishments frequented by women (eg libraries, beauty shops, community centers, grocery stores), a message on the 'hold' line on the university's telephone system, and advertisements placed in community newspapers. Potential subjects were invited to telephone for more information. At that time, their questions were answered and a brief screen was administered if they agreed and were still interested in participation. That screen covered the following criteria for inclusion: age 18-40 y, weight less than 275 pounds, regular menstrual cycles, not pregnant or nursing in the past 6 months, no major health problems, not fasting on a regular basis, not on a special or weight-reducing diet, and weight stable for the previous 6 months. These criteria were chosen because of the effect each could have on some aspect of energy balance. Women who met the criteria were scheduled for an orientation session where they were consented, scheduled for participation, and trained for some procedures. Recruiting was targeted to result in a sample that was ethnically representative of the area population. A total of 374 women (191 African-American (mean age ¼ 29.897 6.52 y) and 183 white women (mean age ¼ 28.8977.07 y) were recruited and completed the study. An individual was considered to be African American if she reported being born in America and having at least three grandparents of African heritage. Similarly, a classification of white was made if a subject was American-born and reported having at least three grandparents of European background.
Procedure
As dietary intake, physical activity, and metabolic rate have been shown to vary as a function of the menstrual cycle, 4, 5 all assessments were taken twice, once during the menses stage and once during the follicular stage of the subjects' menstrual cycles. Thus, a total of two laboratory sessions were held, with the first occurring between days 2 and 4 of the subjects' cycles, and the second between days 7 and 9. Participants kept logs to track the onset and offset of their menstrual flow. If a subject was still bleeding by day 9, she was rescheduled for the next month. All procedures were completed at each laboratory session, all subjects completed the laboratory session in the same order, and measures were averaged across the two laboratory sessions for statistical analyses.
Measures
Smoking status. Subjects were queried on current smoking status and smoking history. Subjects who were current or previous smokers were asked about the total number of years of smoking, the number of cigarettes per day, the age of smoking onset, and, if quit, the age at cessation. Pack-years was calculated as cigarettes per day divided by 20 and multiplied by the number of years smoked. 6 For analysis purposes, past smokers were considered to be nonsmokers as we felt there was no reason to think that past smoking would have an effect on the energy balance variables or on current BMI. Subjects who were previous smokers had to be quit for at least 6 months prior to their admission into the study. The following categories were used for smoking status: nonsmokers ¼ all current nonsmokers; light smokers ¼ current smokers up to 5 pack-years; moderate smokers ¼ current smokers between 5 and 10 pack-years; heavy smokers ¼ greater than 10 pack-years.
Dietary intake. Intake was assessed via diet records, considered to provide a more reliable estimate of dietary intake than other measurements, 7 and the measure by which other methods of quantifying food intake are compared. 8 In order to insure more accurate portion estimation and more complete, detailed records, multiple training sessions were conducted. The initial training session was carried out in groups of up to 15 participants after patients completed the orientation session. Models of common foods, measuring cups and spoons, and templates for estimating sizes of common foods (eg pizza, cake, cookies, bagels) were used in training. This session lasted about an hour and participants practiced measuring foods, as well as recorded that day's intake and practiced the level of detail needed. Dietary records were checked for adequate level of detail when subjects returned for their first laboratory session (between days 2 and 4). If detail was not sufficient, subjects were reminded of the detail needed. All tools used in the group training were available for use, if needed. The length of this session depended on the quality of the records already recorded but tended to be less than 15 min. All assessments of dietary intake were made under the supervision of a registered dietitian. Subjects completed seven consecutive days of diet records. In order to minimize the effects of reactivity to the process of Smoking and energy balance LH Clemens et al recording intake, the first day of records was not coded. Further, in order to guard against the possibility of decreased diligence in recording as subjects ended their recording, the final day of records was not utilized. Therefore, days two to six were selected for analysis. Records were coded and analyzed using the DINE Nutrient Analysis System. 9 Physical activity. A short, self-administered questionnaire developed by Baecke et al 10 was used to assess levels of physical activity. The instrument examines three components of physical activity participation as identified by factor analysis: work, sport, leisure excluding sport, as well as total activity. 11 Estimation of total activity was calculated according to the methods described by the authors. The questionnaire has been found to have a high correlation (r = 0.69) with doubly labelled water, 12 and be significantly correlated with VO 2 peak (r ¼ 0.49) 11 as well VO 2 max (r ¼ 0.54). 13 Testretest coefficients on the three subscales have ranged between 0.74 and 0.93 in two previous investigations.
10,13
Anthropometry. Anthropometric measurements were taken using standardized methods, with subjects dressed only in lightweight clothing, with shoes removed. Body weight was measured with the subject standing on a leveled platform scale with a beam and movable weights. Height was measured to the nearest 0.25 in by using a wall-mounted stadiometer. Body mass index (BMI) was calculated as body weight in kilograms divided by height (in meters squared).
Resting energy expenditure. Subjects were instructed to fast and abstain from exercise, food intake, and smoking for at least 10 h before each laboratory visit. All assessments were scheduled between 0600 and 0900. Upon arriving at the laboratory, participants sat for a period of approximately 20 min while self-report measures were reviewed. Participants then were measured at rest in a supine position for a period of at least 25 min, including a 5-min acclimation period. 14 REE was estimated through indirect calorimetry using an open-circuit canopy collection system (Medical Graphics, St Paul, MN, USA). Measurements were obtained in a thermoneutral (231C) and humidity-controlled, quiet, semidarkened environment. The calorimeter was calibrated prior to each testing session using gas mixtures of precisely known O 2 and CO 2 concentrations. Validation was verified on a weekly basis using the Medical Graphics s Exchange System Validator. During this period, steady state was reached with RQ readings below 0.79. If initial RQs were above 0.81, subjects were rescheduled for another visit. Data from the initial 5 min of measurement, along with periods of movement by the participant, were eliminated from the calculation of mean REE. Breath-by-breath measures of O 2 consumption, CO 2 production, and respiratory rate were obtained. Estimates of REE per 24 h were calculated by computer from the O 2 and CO 2 gas exchange using the abbreviated Weir formula. 15 The coefficient of variation for the sample was 14.4%.
Analysis plan
Analysis of covariance (ANCOVA) was carried out for each of the main outcomes: total energy intake, REE, and energy expenditure via physical activity. Subjects' ethnicity, smoking status, and the interaction thereof served as independent variables. Covariates for each analysis were age and BMI. See Table 1 for means and standard deviations for age and BMI. ANCOVA was also employed to investigate the impacts of ethnicity and smoking status on BMI while controlling for the following variables: total reported energy intake, REE, energy expenditure via physical activity, and age. The TukeyKramer procedure was used to follow up all significant factor effects. This procedure permits making all possible pairwise comparisons while holding the collective probability of type 1 error to 0.05.
Results
Covariates An a priori decision was made to control for age and BMI consistently in all models given their well-established relationship with one or more of the main outcomes. Highly significant relationships between BMI and energy expendi- Smoking and energy balance LH Clemens et al ture from physical activity (Po0.0001) and REE (Po0.001) and between age and REE (P ¼ 0.02) in our models supported this decision.
Energy intake
The effects of ethnicity and smoking status on average reported daily energy intake were investigated while controlling for age and BMI. When adjusted for all variables within the model, the ANCOVA model was not significant (RSQ ¼ 0.021; F ¼ 0.88; P ¼ 0.54). Raw (unadjusted) and model (adjusted) means, along with standard deviations for the raw means and ranges for the raw means are presented in Table 2 . African-American subjects reported slightly lower energy intakes overall (model means: 7291.1 vs 7784.4 kJ/day for the white subjects).
Energy expenditure from physical activity
The ANCOVA model for activity-based energy expenditure was shown to be significant (RSQ ¼ 0.350;. F ¼ 21.75; P ¼ 0.0004). Raw (unadjusted) and model (adjusted) means, along with standard deviations for the raw means and ranges for the raw means are presented in Table 2 . Here again, the impact of ethnicity and smoking status was investigated while controlling for age and BMI. When adjusted for all variables within the model, the covariate BMI had the greatest impact on reported physical activity expenditure (PAE) (F ¼ 145.70; Po0.0001). As to the independent factors in the model (ethnicity and smoking status), smoking status was related to PAE (F ¼ 3.58; P ¼ 0.0142). The heaviest smokers reported more activity than did either the nonsmokers (P ¼ 0.008) or the light smokers (P ¼ 0.0238). Figures  1 and 2 present the results of the ANCOVA model with all smokers collapsed into one category, for African-American and white women, respectively.
Resting energy expenditure
The ANCOVA model for REE was significant (RSQ ¼ 0.357; F ¼ 22.5; Po0.0001). Raw (unadjusted) and model (adjusted) means, along with standard deviations for the raw means and ranges for the raw means are presented in Figure 5 presents the model means for BMI, as well as significant differences.
Discussion
In the present sample, African-American women who were the heaviest smokers had a lower adjusted BMI than the heaviest smoking white women ( Figure 5 ). This effect, at least partially, appears to be related to an increased REE in the African-American smoking women. While energy intake did not appear to be important in this relationship, energy expended in physical activity appeared to be increased with smoking, as was REE.
There was an a priori decision to control for age and BMI in the ANCOVA models to test the relationship between Smoking and energy balance LH Clemens et al smoking status and ethnicity and the components of energy balance, that is, energy intake, REE, and energy expenditure from physical activity. Both age and BMI (or other measures of weight status) have repeatedly been shown to independently affect dietary intake, REE, and energy expenditure from physical activity. The association between smoking and body weight has been the subject of numerous investigations. While there is some consensus that this relationship is U-shaped in all groups 16, 17 or in certain groups (eg African-American women 2 ), others have concluded that smokers generally weigh less than nonsmokers. 6, 18 Making things even less clear, in a large screening study (n ¼ 2096 women) Istvan et al 19 found that cigarettes/day was positively correlated with BMI while serum cotinine was negatively correlated with BMI. Clearly, the relationship between smoking and body weight is complex and consideration of the factors that affect body weight is essential. This is demonstrated by a 1998 study of young adult, African-American and white men and women. 3 While the Klesges et al 3 study found no effect for smoking on body weight before adjustment for confounders, after adjusting for age, total energy intake, alcohol intake, and physical fitness, smokers weighed less than nonsmokers. That finding would indicate that smoking is related to at least one of the covariates. Although the African-American women in the current sample reported a slightly lower total energy intake, after controlling for the covariates, smoking status and ethnicity had no significant relationship with dietary intake. There is nothing in the previous literature to indicate that there are energy intake differences between African-American and white women, 20 even though there is a higher prevalence of obesity in African-American women. 21 While it is plausible that African-American women maintain higher body weights than do white women at similar levels of energy intake, it is also likely that inaccuracies in reporting dietary intake (in both groups) may have led to null findings in the current study. It is well-established that dietary intake data are subject to a number of problems and that underreporting of energy intake is widespread.
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As expected, the covariate BMI was significantly related to energy expenditure from physical activity. However, finding that smoking status was also significantly related to energy expenditure from physical activity was not expected. In this sample, heavy smokers reported more activity than any of the other groups. Since there were no questions regarding the reasons for physical activity, it is impossible to know why this occurred. One possibility is that heavier smokers engaged in more physical activity (or perceived themselves to be engaging in more physical activity) in an effort to counteract the harm they felt they were doing by smoking cigarettes. Future studies are needed to validate the finding of more physical activity and should seek reasons for this increase.
The covariate BMI was also significantly related to REE, a finding that is well documented. 23 Our finding that smoking appears to significantly impact REE in African-American women but not in white women has not been previously noted. In a study of 152 healthy young women, 24 smoking was found to have an overall effect for increasing REE (283 kJ/day; P ¼ 0.03) but did not affect the REE of the African-American women significantly more than the white women. However, that study did not account for level of smoking; thus, light and moderate smokers may have diluted any effect of smoking on REE. There were also a very small number of African-American smokers (six of 76 African-American women) in the Kimm et al study. Another study 25 found significantly lower REE in African-American and white smokers but did not analyze for gender differences. Since that study found no ethnic differences in the change in REE following smoking cessation, it is possible that baseline REE differences were due to ethnic REE differences previously noted in women [26] [27] [28] [29] [30] [31] and also in men. 32, 33 The Vander Weg et al 25 also did not consider smoking rate or carbon monoxide level as they found neither related to baseline REE. Thus, the current study was conducted and analyzed in a different manner than earlier studies. The pattern in the current sample is very clear with African-American heavy smokers having a significantly higher adjusted REE than African-American nonsmokers and light smokers as well as white light smokers. AfricanAmerican nonsmokers and light smokers had a lower adjusted REE than all other groups save white light smokers. This is especially interesting in the light of the fact that numerous recent reports have found that African-American women have lower REEs than white women. [26] [27] [28] [29] [30] [31] Most recently, this difference has also been noted in smoking women. 25 Smoking may, in some way, work to increase a depressed REE to a higher level in African-American women. If the women in the current sample are similar to those in The literature regarding how smoking affects REE is conflicting but the general consensus appears to be that smoking has no effect on chronic metabolic rate. 34 Although there do not appear to be any studies that have examined the relationship between smoking and metabolic rate in AfricanAmerican women, it has been suggested that the conflicting results regarding smoking and REE overall may be due to moderators (such as ethnicity and gender) that have not been included in these previous investigations. 35 Given that there are clearly untoward variations in metabolic rate in African-American women, it may not be unusual that this relationship was noted in the current sample. If, as it appears in this sample, the African-American smoking women are deriving a weight benefit from smoking, this is especially important given that African-American smokers have been reported to be less successful in cessation attempts than are white smokers 36 and that African-American women gain significantly more weight than white women when they quit smoking. 37 Combined with the finding that African-American smokers also may derive a different metabolic effect from smoking, 38 it may be that the metabolic effects of smoking differ by ethnicity. This would be especially important in cessation interventions aimed at African-American women.
Summary
The current study utilized a large sample of AfricanAmerican and white women, including both smokers and nonsmokers, in an analyses of the relationship of ethnicity and current smoking status with energy balance and BMI. This pattern of results is consistent with the hypothesis that the African-American women in the current study might be receiving more weight suppression benefit from smoking, and that those benefits might be due to increases in REE. Physical activity was increased in all smokers.
